In this paper we develop a method for testing the implications of the Bernanke-Blinder model for monetary policy transmission. Multivariate cointegration techniques are used in a sample that includes six major industrial countries with data covering the last 25 years. Moreover, we examine whether changes in financial markets affected the degree of asset substitutability and thus the potency of the lending channel. We find that in the US and the UK, representing the "Anglo-Saxon type" of financial market structure, the lending channel is inoperative, while in Japan it is still important for monetary transmission. The other three European countries examined -Germany, France, Italy -are in between, with the lending channel losing its potency in the last decade.
Introduction
The traditional view of monetary transmission relies on the effects monetary impulses may have on equilibrium in financial asset markets and, through these effects, on the real economy. Thus in the "money" view, exemplified by the simple IS-LM model, there are only two financial assets, money and bonds. When the monetary authorities engineer a change in the supply of money, equilibrium is restored by changes in the interest rate for bonds that will ultimately have an effect on real variables. An appeal to Walras' Law allows us to ignore the bond market. In this framework, monetary policy operates through the liabilities side of bank balance sheets, while the presence of bank loans is in no way necessary for the monetary transmission mechanism (Miron et al., 1993) as loans are perfect substitutes for bonds on the asset side of bank balance sheets. Thus, a loan supply function cannot be defined.
An alternative view of monetary transmission, usually called the "credit" view or "lending" view of monetary policy, builds on the assumption of incomplete markets characterized by imperfect information, which may cause imperfect substitution between loans and bonds both in bank portfolios and as means of borrowing for firms. Banks would then play a special role because they offer a third distinct asset in addition to money and bonds, namely credit. The credit channel that has been more frequently analyzed in the recent literature is referred to as the bank lending channel 1 . As noted by Bernanke (1993) , the basic assumption needed for bank credit to have an independent effect in monetary transmission is that loans and bond issues are not perfect substitutes for firms and that banks do not consider loans as perfect substitutes for securities due to financial market imperfections.
Moving away from conventional models of the transmission process which analyze the interest rate channel, and focusing on channels based on financial market imperfections, may be necessary to explain the apparent strength of monetary policy effects on the economy. Bernanke and Blinder (1988) propose a stylized model for analyzing the bank lending channel that departs from the IS-LM framework by taking into account the loan market. A key result of their model is that the existence of imperfect substitutability between bank loans and bonds provides a separate channel of monetary transmission, enhancing the effect of monetary policy on aggregate demand. 1 Another part of the credit channel, also based on financial market imperfections, is the balance-sheet or networth channel (Brunner and Meltzer, 1998; Bernanke and Gertler, 1989) . The central idea here is that reductions in borrowers' net worth associated with a rise in interest rates increase agency and information costs for lenders.
The implications of the Bernanke-Blinder model are not easy to test empirically and thus obtaining a "sharp measurement of the channel's potency is a challenging task" (Bernanke and Gertler, 1995, p.42) . A number of studies over the last decade have indirectly tested for the existence of the bank lending channel by examining timing relationships between quantity or price variables and measures of the monetary policy stance. A common limitation of these studies is that they analyze short-run responses that may admit alternative interpretations not necessarily restricted to loan supply shifts which play a central role in the propagation of monetary impulses in the lending channel. In this paper we propose a new method for analyzing empirically the bank lending channel. In particular, we identify the equilibrium relationships included in the Bernanke-Blinder model from a Vector Error Correction Model (VECM) and test appropriate restrictions that pertain to the existence of perfect asset substitutability. The implications of the model are tested for six major industrial countries (USA, Germany, Japan, France, UK and Italy) by using multivariate cointegration techniques.
A further contribution of this paper is that it offers an assessment of whether the changes in financial markets observed over the last two decades have weakened the lending channel's effectiveness by reducing asymmetric information problems. As Bernanke (1995, p.130) notes, "the making of monetary policy in an environment of ongoing institutional change and financial innovation requires a sophisticated appreciation of how these changes affected the potency of monetary policy". The structural change findings of this study indeed help us attain that appreciation.
Our empirical results indicate that, consistent with existing theoretical priors, in the market-based financial systems of the US and the UK there is no evidence of lending channel effectiveness in a sample that begins in the mid-1970s and runs through to the late 1990s. By contrast, we find that in Japan the lending channel does matter for monetary transmission over the entire sample period, although financial developments in Japan during the 1990s may have worsened information asymmetries, holding in check the tendency towards market-based financing. The remaining three euro area countries (Germany, France and Italy) are somewhere in between. The results for these countries are indicative of a regime shift with respect to the degree of asset price substitutability implying that in the 1990s bank lending no longer plays a role in the transmission of monetary policy impulses.
The rest of the paper is structured as follows. Section 2 provides an overview of the bank lending channel by outlining the implications of the Bernanke-Blinder model and reviewing briefly empirical work on the lending channel. Section 3 analyses and reformulates the Bernanke-Blinder model, making it suitable for empirical testing. Section 4 discusses several stylized facts on evolving financial structures over the past two decades relating them to monetary policy transmission. Section 5 contains the empirical evidence on the operation of the lending channel and on regime shifts regarding the degree of asset substitutability.
Finally, Section 6 summarizes and concludes.
Overview of the bank lending channel
As already mentioned, the bank lending channel is a separate channel which is supposed to operate in addition to the conventional interest rate channel for monetary policy transmission. Its existence is based on credit market imperfections caused inter alia by asymmetric information. If some borrowers are bank dependent, i.e. they can not easily switch to alternative forms of external financing, and banks consider their loans as imperfect substitutes for securities in their portfolios, monetary policy can influence aggregate demand not only through interest rates as in the traditional interest rate channel, but also through its impact on the supply of bank loans. When monetary policy tightens, bank deposits fall and the loan supply schedule shifts up and to the left which complements the interest rate-induced effect on aggregate demand 2 . This effect on loan supply should clearly be distinguished from loan demand contraction and the inward shift in the loan demand schedule that higher interest rates and the resulting fall in output would bring about.
The Bernanke-Blinder model is a convenient framework for analyzing the bank lending channel. In this model, equilibrium conditions for the output and loan markets are combined to produce the so called CC curve, while the LM curve remains as in the standard IS-LM model. Loans and bonds are assumed to be imperfect substitutes both for banks and borrowers. This implies that, along with the bond rate, the bank lending rate is also a determinant of loan demand and supply and output demand. A key result of the BernankeBlinder model is that the bank lending channel does not work when: (a) the elasticity of loan supply with respect to the loan rate is infinite, i.e. banks consider loans and bonds as perfect substitutes in their balance sheets or (b) loan demand is perfectly elastic with respect to the loan rate and output demand is not responsive to changes in the loan rate, both conditions implying that Modigliani and Miller's "financial irrelevance" proposition applies to borrowers. Note that when the above conditions hold, the demand for (supply of) loans cannot be defined separately from the demand for (supply of) bonds.
A number of primarily US-oriented studies over the last decade have tested for the existence of the lending channel by examining timing relationships either between quantity variables (output, loans, money and other bank or firm balance sheet items) or price variables (interest rates or interest rate differentials) and monetary policy variables. Following the first alternative, Bernanke and Blinder (1992) apply VAR analysis to US data to examine the impulse response functions of bank loans, securities, deposits and unemployment to a positive innovation in the Federal funds rate. Their results showed: (i) an immediate decline in the volume of securities and deposits and a delayed decline in the volume of bank loans and (ii) over a somewhat longer time period, a rebuilding of bank securities holdings and a further decline in loans, essentially matching the decline in deposits. Their results were felt to be consistent with a bank lending channel, but also with an interest rate channel, since loans responded with the same lag as unemployment to the policy shock.
In an attempt to separate the effect of loan demand from loan supply, Kashyap, Stein and Wilcox (KSW, 1993) examine movements in the mix between bank loans and commercial paper, a close substitute for bank finance to firms, following monetary policy changes. They expect that, if there is a bank lending channel, a tightening of monetary policy would cause the supply of bank loans to fall by more than the supply of commercial paper, whereas the composition of external finance would not be affected if monetary policy operated only through the interest rate channel. KSW report evidence that tight monetary policy leads to an increase in commercial paper issuance while bank loans slowly decline. Rudebusch (1995, 1996) question the usefulness of changes in the aggregate financing mix as an indicator of the operation of a bank lending channel. They instead propose an alternative explanation: the tightening of policy reduces the demand for all types of external finance but it is also redirects all types of credit from small to large firms, which rely more heavily on commercial paper financing. In this case, commercial paper issuance may rise relative to bank loans even when the supply of bank loans remains unchanged, implying that heterogeneity in loan demand rather than shifts in loan supply would explain a change in the mix between bank and non-bank financing. In response to this criticism, Kashyap, Stein and Wilcox (1996) report that even among large firms there appears to be a substitution away from bank loans to commercial paper after a monetary contraction. Their statistical results, however, are not very robust; when the Federal funds rate replaces the variable constructed on the basis of the dates of monetary contraction selected by Romer and Romer (1994) as the monetary policy variable, they do not support the existence of the bank lending channel. This is also the case with Oliner and Rudebusch's (1995) paper.
A common shortcoming of all studies estimating timing relationships in order to identify a bank lending channel is that they focus on short-run responses, which may not be very informative in view of the fact that banks are prevented from adjusting the stock of their loans quickly after a monetary policy change, due to loan commitments and other contractual agreements (Bernanke and Blinder, 1992) and that observed responses may admit alternative interpretations not necessarily restricted to loan supply shifts 3 .
The difficulties in distinguishing shifts in loan demand from shifts in loan supply have prompted researchers to focus on cross-section data to explore some of the distributional consequences of the lending view, namely that the responses of banks to changes in monetary policy may differ depending on their characteristics -see, among others, Stein (1995, 2000) and Kishan and Opiela (2000) . All these studies try to capture asymmetries in loan supply behavior by examining reduced form equations on the basis of bank level data.
Implicit in this approach is the assumption that when asymmetries are present, loan supply shifts -a necessary condition for the operation of the lending channel -can be identified 4 .
However, since, due to data limitations, the observed asymmetries cannot be directly linked to the output responses of firms that borrow from a particular size category of banks, their implications for aggregate economic activity and the transmission mechanism are not clearly visible (Kashyap and Stein, 2000) .
The model
Our model is a version of the Bernanke-Blinder model, assumed to be linear for analytical convenience. The loan market is described by the following equations
where L, D and y are real loans, deposits and output, ρ-i is the spread between the bank lending rate (ρ) and the bond rate (i) and superscripts d and s refer to loan demand and supply respectively. Equation (1) is a loan demand function, in which the quantity of loans demanded is negatively related to the interest rate spread ρ-i and positively to the scale variable y. The assumption underlying the inclusion of the spread is that financing decisions of borrowers are characterized by rate of return homogeneity, which implies that when financing costs rise by the same amount for all forms of borrowing, firms do not alter the structure of their liabilities.
Since bank loans and bonds are assumed to be imperfect substitutes, a higher spread results in a finite decline in loan demand. Similarly, loan supply is specified as a positive function of both the interest rate spread and deposits 5 . The existence of the spread in (2) is based on the same principle as in loan demand, namely that bank portfolio decisions are subject to rate of return homogeneity and thus banks` willingness to supply loans depends on the relative return on loans. Deposits are the scale variable in (2), as we have assumed for simplicity that there are no reserve requirements, an assumption that, as explained above, is not crucial to developing our test. Finally, equation (3) is the clearing condition for the loan market.
The money market is described by a conventional LM curve
The demand for deposits (money) is a function of the opportunity cost of holding deposits, i.e. the bond rate, and income. Total wealth is assumed to be constant and is not included among the determinants. Also, the rate of return on deposits is assumed to be exogenously fixed and is normalized to zero.
The last building block of the model is the output market. Output is assumed to be demand determined and aggregate demand to be related negatively both to the interest rate and the spread:
The traditional IS curve is nested in equation (5) and the two coincide when there is perfect substitutability between loans and bonds for borrowers, as suggested by the financial irrelevance proposition of Modigliani and Miller (1958) .
The system of equations (1) to (5) can be reduced, as in Bernanke and Blinder, to a set of two equations, one describing equilibrium in the money market (LM curve) and one representing the equilibrium condition for the goods and loan markets jointly (CC curve).
Solving equations (1) to (3) 
where ( ) ( )
The LM curve is simply the demand for deposits equation, assuming that the supply of deposits is determined exogenously by the monetary authorities.
Two conditions must be satisfied for a bank-lending channel to exist:
(a) Borrowers are not able to fully insulate their real spending from a decline in the availability of bank loans, i.e. loans are imperfect substitutes for other sources of finance and, (b) banks are not able to fully insulate their loan supply from a monetary policy-induced change in their reserves, i.e. there are no perfect substitutes for loans in bank portfolios. In the context of equation (6) imperfect substitutability means that the derivatives of loan demand and loan supply with respect to the spread (coefficients a 1 and b 1 respectively) are finite and moreover that output demand responds to the spread as well as to the interest rate (d 2 >0). A monetary policy change shifts the CC curve downwards, while also affecting the LM curve. As a result, the effect on output is magnified compared to the case where only the interest rate channel exists.
When loan demand or supply are perfectly elastic with respect to the spread (a 1 =b 1 ®¥) and/or the spread does not affect the demand for output (d 2 =0), loans and bonds are perfect substitutes and neither the loan demand nor the loan supply functions can be defined separately, so that there is no distinct bank lending channel. It should be noted here that the existence of perfect substitutability between loans and bonds for either borrowers or banks is sufficient to ensure the irrelevance of the lending channel for monetary transmission.
As can been seen from equation (6), monetary policy actions, assuming that there is imperfect substitutability, shift the CC curve through movements in deposits, the size of this shift, and thus the effect on output, depending on the parameter b 2 , namely the elasticity of loan supply with respect to deposits. The importance of this parameter for determining how large the effect of monetary policy on output will be would seem to warrant the efforts to The two equilibrium conditions as represented by the CC and LM curves are not suitable for empirically testing the existence of a bank lending channel, since it is not possible to identify from the CC curve, loan supply shifts which are mixed with other factors affecting the joint equilibrium of the loan and output markets -loan and output demand shifts. To cope with this difficulty, we rearrange equations (1) to (5) of our model, so that it becomes appropriate for empirical testing. Combining the loan demand equation with the equilibrium conditions in the money and output markets we arrive at the following quasi-reduced form.
where
In (8) output is a positive function of the volume of both deposits and loans. When there is perfect substitutability of loans and bonds for borrowers (d 2 =0, a 1 ®¥), the loan variable drops from the equation which is thus reduced to a relationship between output and real deposits.
The model is closed with the loan supply function normalized on the interest rate spread:
This specification allows us to identify the structural parameters of the loan supply function that would enable an assessment of the importance of the lending channel. When banks view loans and bonds as perfect substitutes in their portfolios (b 1 → ¥), the loan and bond rates are equalized and the supply of loans function is not defined.
The system of equations (8) and (9) forms the theoretical basis for a direct test of the bank-lending channel. Indeed, under imperfect substitutability, we expect to be able to identify the loan supply function (i.e. a structural relationship) which, together with the reduced form (8) that incorporates the demand side of all markets 6 -loan, deposit and output markets -provides a simplified framework for the analysis of monetary policy transmission.
In Section 5, we empirically test the implications of the model described above for six major industrial countries (USA, Germany, Japan, France, UK, Italy), using multivariate cointegration techniques.
Changing financial structures: some stylized facts
Having presented the theoretical model on the bank lending channel, in this section we discuss developments in financial markets over the past two decades with a view to facilitating the assessment of the empirical tests of this channel which are presented in the next section. During this period, financial markets have witnessed profound changes in their structure. These changes, driven by advances in information technology, have led inter alia to a reduction in transaction costs and information asymmetries (Mishkin and Strahan, 1999) and have altered the way in which monetary policy is transmitted to the real economy. The net impact of developments in financial markets on the effectiveness of monetary policy is, however, uncertain (Mylonas et al., 2000) : monetary policy may have become more powerful through its effects on financial asset prices (wealth effects) which reinforce the traditional direct impact of interest rates on demand, but the transmission of monetary policy through bank balance sheets and/or the supply of credit may have weakened as these developments have accelerated the pace of financial sector consolidation and provided alternative non-bank sources of finance to firms and households.
Financial markets have grown over the last couple of decades and have undergone substantial changes in the scope of their activities, even though the pace at which these changes occurred in national financial systems was not identical for all major industrial countries. Table 1 , adopted from Mylonas et al. (2000) , shows that, as a ratio to GDP, the total value of outstanding bank credit to the (non-bank) private sector, privately-issued bonds and stock market capitalization rose for the countries in our sample by about 80 percentage points between 1985 and 1998, reaching 220 percent of GDP at the end of this period. The growth of financial markets implied an expansion in the role of market-based financing as evidenced by the shift in borrowing from bank loans to securities.
Although bank loans play a relatively small role in the financing of (non-financial) firms in the US (and to a lesser extent in the UK), they have traditionally been the dominant source of debt financing in almost all European countries and Japan 7 . The high degree of dependence on bank lending in the countries of Continental Europe has begun to be eroded during the past decade. Indeed, private bond markets in these countries grew considerably during the 1990s, although their size remains significantly smaller (as a percentage of GDP) compared to the US 8 , more so if one considers that the major part of European bond market activity is accounted for by financial institutions 9 . The growth of European corporate bond markets accelerated significantly after the advent of EMU and this pace is expected to be sustained in view of the increasing integration of financial markets and the reduced crowding out of private bond issuance by government bonds (de Bandt and Davis, 1999) . In Japan, even though large firms have increasingly substituted bond issuance for bank finance in the last 15
7 Danthine et al. (2000) report that in 1993 the share of bank debt of all non-financial firms to total debt in Germany, France and Italy ranged between 80 and 95 percent, while it was 32 and 49 percent in the US and the UK respectively. 8 A particular development in the US was the growth of high-yield bond markets, which allowed more firms to access credit markets sidestepping bank intermediation. This financial innovation was slow to spread in Europe. 9 According to the data presented by Danthine et al. (2000) , the euro area's private bond market was around 42 percent the size of the respective US market just before the introduction of the euro and this proportion falls to less than one third in the case of the non-financial corporate bond market.
observed in the bond market characterize the market for short-term corporate debt 11 .
Finally, Table 1 shows a spectacular increase in stock market capitalization during the last fifteen years. Although part of the increase represents valuation effects, there is also a marked rise in the number of listed companies. In the case of Continental European and Japanese equity markets the rise exceeded 50 percent during the 1990-2000 period (Galati and Tsatsaronis, 2001 ). The rapid growth of equity markets allowed an increasing number of small and medium-sized companies to access equity finance.
The move towards market-based financing was facilitated by changes in corporate governance. A more active market for corporate control increased the attractiveness of equity capital for investors (Jensen, 1988) . This effect was more important in Europe, which, in the past, lagged behind the US in developing an active mergers and acquisitions market. At the same time, bond financing came to be seen as a management-constraining device as it reduced the free cash flow available to management (Jensen,1986) . This was especially important in the US market, where the issuance of bonds was seen as a positive sign given by management regarding future cash flows that they would be used to repay interest on bonds and not invested in value-reducing projects.
The trend towards market-based financing was reinforced by the growing process of securitization. By transforming non-marketable assets (such as loans) appearing in their balance sheets into marketable securities, banks and other financial institutions enhanced their ability to improve the quality and liquidity of their assets by flexibly managing their risks, and to undertake other risks. At the same time, market financing has become a feasible option for smaller businesses, given that technologies have made loans more standardized, lowering the transaction costs of their securitization, and more transparent, as a result of the decline in the costs of asymmetric information in financial markets (Mishkin and Strahan, 1999) .
Securitization took hold initially in the US home mortgage markets in the 1970s. The pace of securitization continued with new entrants to the securitization market and a greater variety of assets in other credit markets being securitized. The growth of securitization was particularly vigorous in the US in the second half of the 1990s and seems to have gained 10 Levy (1999) notes that the share of market instruments (bonds and commercial paper) in the liabilities of firms is higher than 40 percent in the six largest economic groups in Japan. 11 In the US the commercial paper market grew steadily over the past 20 years accounting for about 5 percent of total non-financial corporate borrowing at the end of the 1990s.
importance in European countries and Japan. As argued by Estrella (2001) , if securitization has transformed credit markets over the last decades, it may have had important effects on the monetary transmission mechanism, and in particular the bank lending channel, by weakening the impact of monetary policy moves.
The above financial market developments appear to have changed the role of banks as the most important player in the financial system. Faced with the new financial market conditions which involve intensified competition, easier access by borrowers to market forms of finance and higher substitutability among financial assets, banks had to adjust their strategy and business mix, to preserve their position in the system. Thus banks engaged in a wide range of new financial activities and this in turn contributed to the further development of market-based financial instruments and sectors of the capital market, and thus to the greater fungibility of bank loans. Securitization, which we mentioned above, is just one example of this re-oriented strategy.
Banks have also increased impressively the extent to which they do business off the balance sheet. Boyd and Gertler (1994) argue that, if account is taken of the relative movement of bank accounts from on to off the balance sheet, the widely acknowledged decline in the share of bank intermediation by traditional figures is turned to a moderate increase. A (non-exhaustive) list of off-balance sheet activities includes asset management, underwriting and other forms of investment banking, provision of back-up lines of credit or guaranties for commercial paper issuance, and provision of derivative instruments.
The greater use of derivatives by banks and other financial institutions has also raised asset price substitutability across financial markets. The existence of these new financial instruments increases the supply and dissemination of information about the quality of the issuer of the underlying assets and lowers the cost of incorporating new information into prices (BIS, 1994) . By permitting lenders and investors to unbundle and hedge the various risk components of their assets and by allowing firms to manage the business risk arising from their operations, derivatives can contribute to a widened firms` access to alternative funding sources, thus weakening the bank lending channel 12 .
Derivatives markets emerged in the seventies in the US and began to grow in the eighties, especially the OTC markets (Mishkin and Strahan, op. cit.) . These markets became very large during the last decade, with notional amounts for all OTC derivatives contracts reaching $95.2 trillion in December 2000 as against $3.5 trillion (interest rate and currency swaps only) in December 1990.
In the field of the deregulation of financial markets, significant advances have taken place that have increased the degree of integration of these markets, by improving investorss cope for international portfolio diversification and, at the same time, providing borrowers with alternative sources of finance. Thus, the ratio of gross foreign portfolio liabilities (equity and debt) to GDP has risen in all major countries. In the United States and Germany in particular, this ratio has risen by 30 percentage points of GDP between 1985 and 1998 (Mylonas et al., 2000) . In European Union countries some of the progress in deregulating financial markets can be attributed to the adoption of the Second Banking and the Financial Services Directives in the early 1990s, aimed at opening up and homogenizing the fragmented national financial markets. These developments have enhanced cross-border competition between financial institutions and promoted the internationalization of their activities, thereby increasing the degree of asset substitutability.
It should be noted that the factors discussed above which accounted for the rapid pace of financial developments in the last two decades are not sufficient to ensure in every case a continuous decline in transaction costs and informational asymmetries. During periods of economic stress -such periods were in general absent during the '90s, with the possible exception of Japan-the influence of some of these factors may exacerbate short-run asset price volatility. This could lead to financial distress and increase the complexity of the monetary policy framework and the severity of the restrictions monetary authorities have to cope with in their attempt to stabilize the economy, but it would also enhance the leverage of monetary policy on the economy.
Empirical evidence
To test the empirical relevance of the theoretical relationships underlying the Bernanke-Blinder model and their possible changes in an evolving financial environment, we use multivariate cointegration analysis along the lines of Johansen and Juselius (1990) , Johansen (1991) and Phillips (1991) . In this context, testing for the existence of a bank lending channel can be shown to imply testing for restrictions on estimated cointegrating vectors. If a lending channel exists, we can identify the two theoretical relationships (8) and (9) derived in Section 3, which are repeated here for convenience:
and
where (8) represents the combined demand side of the loan, deposit and output markets under the assumption that deposits and output are demand determined, and (9) is a structural loan supply equation.
In the absence of informational asymmetries, loans and bonds are perfect substitutes in bank portfolios and ρ=i. In this case, the identification of a distinct loan supply function is not possible as loan supply is perfectly elastic with respect to the interest rate spread i.e. (b 1 ®¥).
Similarly, with no informational asymmetries, bonds are perfect substitutes for bank loans from the borrowers point of view (loan demand is perfectly elastic with respect to the spread and output demand is not responsive to changes in the spread, i.e. α 1 ®¥, and d 2 =0). Hence equation (9) is reduces to:
where ( )( )
We once again emphasize that for the bank lending channel to be ineffective, it is sufficient that loans and bonds are perfect substitutes for either borrowers or banks and not necessarily for both.
The economies studied in this paper have experienced profound changes in their financial markets in the last decades which, as we have seen in Section 3, are likely to have reduced information asymmetries, increasing asset price substitutability. We examine how these developments manifest themselves as changes in the underlying equilibrium relationships (eqs 8 and 9) which can take the form of changes in the number of equilibria and/or in the parameters of the cointegrating vectors.
To investigate the presence of cointegrating relationships among the variables of the Bernanke-Blinder model we use the cointegrating VAR framework of Johansen (1988) and estimate unrestricted VAR models over the entire sample period as well as over two subperiods in the case of those countries for which recursive techniques indicated structural instability. The starting point of our empirical analysis is an augmented VAR of the following form:
where z t is a n´1 vector of jointly determined dependent variables, x t is a q´1 vector of deterministic and/or exogenous variables, D j and Φ are the n´n and n´q coefficient matrices respectively and ε t is a vector of n unobserved errors, which have zero mean and constant covariance matrix Σ. The VAR in (11) can be re-parameterized as a VECM (Hendry,1995) :
where ∆ is the first-difference operator, Γ j is the matrix of short-run adjustment parameters and Π is the matrix of equilibrium parameters. If Π has reduced rank r<n and the variables being modeled are I (1), there must be r cointegrating relationships among the variables under consideration that are stationary. In that case Π can be factorized as Π=αβ¢, where α is the matrix of equilibrium adjustment parameters and β is the matrix of r cointegrating vectors.
The Johansen procedure produces unique estimates of α and β satisfying Π=αβ¢ by imposing an orthogonality condition on β. This estimate of β does not have a direct economic interpretation, unless theory-based restrictions are imposed and tested. Economic theory is in general very informative about the nature of the equilibrium relationships (embodied in β)
whereas it is usually much less precise concerning the time profile of responses to shocks and the speed of adjustment towards equilibrium (embodied in α).
Identification of the equilibrium structure can be attempted without imposing restrictions on the model's dynamic structure (restrictions on α and/or Γ j ). In this respect, Pesaran and Shin (2001) developed a formal theory of the identification of the equilibrium structure in isolation from the dynamic adjustment path implied by the model. The exact identification of the equilibrium parameters requires (as a necessary and sufficient condition) the imposition of r 2 restrictions (including r normalization restrictions). Further economically meaningful hypotheses can be tested in the form of overidentifying restrictions 13 .
The economic framework discussed above will be used to investigate the existence of a bank lending channel in six of the major industrial counties-USA, Germany, Japan, France, are performed to investigate the existence of unit roots in the variables in levels as well as in their first differences. All variables are found to be I(1).
In the next step, we test for the number of cointegrating relationships in the system using the Johansen procedure. This procedure provides two separate test statistics for the determination of the number of cointegrating vectors: the trace statistic and the maximum eigenvalue statistic. The two tests indicate the existence of either one or two vectors in all cases 15 . Recursive estimation of the trace statistic showed that in several cases there were changes in the number of estimated vectors. This instability is also reflected in the tests for structural stability of the cointegrating vectors estimated after imposing just-identifying restrictions. The recursively estimated tests for the stability of the parameters of the cointegrating vectors as well as the recursive one-step and break-point Chow tests for each equation and the system as a whole presented in Figure 1 indicated the possibility of a structural break in all but two countries (Japan and UK). We chose to localize the break point on the basis of the Chow test so that parameter estimates within each of the two subperiods 13 The standard likelihood ratio test of the overidentifying restrictions follows asymptotically a c 2 (k-r) distribution, where k is the number of restrictions. 14 In terms of departures from the Gaussian framework regarding serial correlation of the residuals, lack of normality, heteroscedasticity and ARCH errors. 15 In general both tests for the determination of the cointegration rank gave identical results at the 95 per cent level of significance. In the few instances of diverging results, we set the number of vectors on the basis of the are relatively constant. It must be noted that localizing a point in time which indicates a structural break oversimplifies a significantly more complex process of structural economic change that takes place gradually.
The observed temporal instability can be seen as an indication of a change in the underlying economic structure. In three out of the four countries for which instability was found (Germany, France, Italy) this change indicates a transition to a new regime of increased asset substitutability and a loss of the bank lending channel's potency. Only in the case of the United States was instability not related to a switch in the monetary transmission process away from the bank lending channel, since there was no evidence of the existence of this channel in the first place in either of the two subperiods. Misspecification and unit root tests as well as tests for determining the cointegration rank and evaluating the stability of the cointegrating relationships (see Table 2 and Figure 2 ) were carried out for each subsample as a basis for selecting the appropriate specification in each subperiod. Moreover, the recursive stability tests presented in Figure 3 indicate relative parameter constancy in the two subperiods.
Having determined the number of cointegrating relationships in each subperiod, it is important to consider what these relationships can tell us about the operation of the bank lending channel as outlined in Section 3 above. Therefore, it is necessary to impose and test overidentifying restrictions in order to assess the predictions of the Bernanke-Blinder model under an imperfect/perfect asset substitutability regime. The economic assumptions underlying the relations in equations (8) and (9) can provide the necessary restrictions in order to identify unique cointegrating vectors. These overidentifying restrictions (on each of the cointegrating relationships) are tested against the exactly identified model using the likelihood ratio test of Johansen and Juselius (1994) . As already indicated, equation (8) (10) in each of the two subperiods (1977.Q1-1988.Q4 and 1989.Q1-1999.Q4 ) selected on the basis of the break-point Chow test for the entire system. In this vector the zero restriction on the coefficient of the loan variable cannot be rejected in either subperiod indicating that there is perfect asset substitutability for borrowers and banks and thus the lending channel should not be considered as part of the US monetary transmission process. The instability of the cointegrating vector is reflected in the decline of the coefficient on money which can be the result of a rise in one (or more) of the following parameters: the income elasticity of money demand (c 2 ), the bond rate elasticity of the demand for deposits (c 1 ), or the bond rate elasticity of the demand for output (d 1 ). The empirical literature confirms that the interest rate elasticity of money demand has increased over time reflecting financial innovation and the proliferation of money substitutes (Carlson et al., 2000) . An increase in the income elasticity of money demand is also apparent due to a rising financial wealth to income ratio (Maki and Palumbo, 2001 ) and the fact that money holdings reflect portfolio decisions in addition to transaction motives. Finally, the interest rate elasticity of output demand, and hence the effectiveness of the interest rate channel of monetary transmission, seems to have increased as developments in financial markets gave monetary authorities an enhanced leverage over a wider range of financial asset prices (Mylonas et al., 2000) and through these on aggregate economic activity.
For Germany, it appears that the bank lending channel played an important role in monetary policy transmission through the mid-1980s, as we are able to identify two cointegrating vectors that correspond to the reduced form (8) and the loan supply function (9) (see Table 1 ). All the parameters of these two vectors are significant and correctly signed. A zero restriction on the coefficient of the loan variable in the first equilibrium relationship (eq. Japan is, as already indicated, the only country in which the lending channel is relevant for monetary transmission in the entire sample period. The relative stability of equilibrium relationships (eqs 8 and 9) in the 1990s, despite the gradual incorporation in Japanese financial markets of the advances that took place in international financial markets, can be seen as a result of the countervailing influence of the slump in economic activity and the accompanying banking crisis that characterizes this period. As banks play such an important role in financial intermediation in Japan, the problems in the banking sector combined with widespread corporate losses, which have resulted in an erosion of the traditional sources of mutual support among corporations and the deterioration of the credit rating of the Japanese corporate sector (Levy, 1999) , preserved the dependence of borrowers on bank lending.
In line with the results obtained for Germany and Italy, the bank lending channel in France seems to have lost its potency since the early 1990s, as indicated by our inability to find a second cointegrating vector (a loan supply equation) and the non rejection of an exclusion restriction as regards the loan variable in the first. To understand properly the observed patterns we should take into account that this period was characterized by rapid financial liberalization. The latter was boosted by legislative measures (as the Banking System Law and the suppression of direct controls over credit provision in 1984), the consequences of which became more visible at the end of the 1980s. The rationalization of the structure of the French banking industry and the accompanying intensification of competition have resulted in a higher degree of concentration of this industry (Loupias et al., 2001 ). This fact, in conjunction with the relatively high holdings of liquid assets by the French banking sector since the early 1990s has increased the degree of asset substitutability from the banks' point of view and, thus, their ability to shield the supply of loans from monetary policy movements. At the same time, the increasing use by firms of internal financing and the enhanced role of equity financing (Cobham and Serre, 2000) , appear to have contributed to a rising trend of asset substitutability making the bank lending channel inoperative.
In the UK -which represents, together with the US, the "Anglo-Saxon type" of financial market structure (Schmidt, 2001 ) -we, unsurprisingly, find only one vector linking output to money, with an overidentifying exclusion restriction on the loan variable coefficient not being rejected. This result can be seen as a consequence of the development of market financing and the deregulation of the country's banking system that was completed in the early 1980s.
Finally, the transmission mechanism in Italy also seems to have been affected by a similar process of structural change in the financial system. This process is characterized by the abolition, between the mid-1980s and the early 1990s, of all major legislative restrictions in financial markets (Gambacorta, 2001 ) that could hinder the restructuring of Italy's financial system. Since 1989, a regime in which the bank lending channel was ineffective (since only one equilibrium relationship linking output to money can be identified), succeeded the previous regime in which monetary policy had a leverage on the supply of bank loans. Indeed, for the period 1977 through 1989 we identified two equilibrium relationships such as those derived in the theoretical section of the paper, although our coefficient estimates are at the limit of statistical significance, given the small sample size for this period.
Conclusions
The existence of a bank lending channel has important implications for the transmission of monetary policy as it enhances its effect on real economic activity over and above the effect from the conventional interest rate channel. Previous empirical work on the lending channel using aggregate data concentrated on the examination of timing relationships between quantity or price variables and monetary policy measures. Unfortunately, much of this evidence admits other interpretations due mainly to the difficulties in distinguishing shifts in loan supply from shifts in loan demand. The evidence from studies using aggregate data was supplemented in the literature by an analysis of the distributional effects of monetary policy changes, by using bank level data, in an attempt to identify empirically loan supply shifts. This approach also has its limitations in that it is hard to assess from estimated crosssectional patterns the importance of the lending channel for aggregate economic activity.
In this paper, we look at the importance of the lending channel at the aggregate level by building on the theoretical framework proposed by Bernanke and Blinder for the analysis of monetary transmission in the presence of imperfect substitutability among financial assets.
We bring the Bernanke-Blinder model to a form suitable for empirical testing by reformulating it so that the identification of a loan supply function becomes possible. Our framework provides us with a number of testable restrictions related to the degree of asset substitutability and, thus, to the effectiveness of the lending channel. These restrictions are tested in the context of a VECM which is applied to data for six major industrial countries (USA, Germany, Japan, France, UK and Italy) that cover the period from the mid-1970s to the late 1990s.
In view of the substantial changes that took place in financial markets during the above period, we would expect the degree of asset substitutability to have increased over time, thus weakening the potency of the lending channel. This issue is investigated by looking for evidence of structural change in the empirically identified equilibrium relationships derived from the model. Our findings lead to different conclusions with regard to the operation of the lending channel in individual countries. Importantly, however, they suggest that changing financial structures matter for monetary policy transmission. In the US and the UK, where financial systems are predominantly market-based, the lending channel does not seem to be a part of the transmission mechanism. On the other hand, the lending channel plays a significant role in Japan, although this may partly reflect the conditions of financial distress experienced by Japan since the late 1980s. The other three European countries examined are somewhere in between, in the sense that temporal instability appears to be a feature of their empirical record as these countries switched from a regime of imperfect asset substitutability to one (starting in the late 1980s / early 1990s) in which the lending channel is inoperative.
The finding that the bank lending may not be important for monetary transmission does not necessarily imply that information asymmetries are no longer relevant in financial markets. In order to form a complete picture of the role of informational asymmetries in monetary transmission, the other part of the credit channel, namely the balance sheet channel, also has to be considered. 
